Rituximab (RTX) is a chimeric monoclonal antibody against CD20+ B cells increasingly used to treat kidney disorders. RTX-induced pulmonary disease has been reported in patients treated for haematological disorders, and a few cases have been observed in patients with underlying rheumatological conditions. We report a case of non-infectious interstitial pneumonitis associated with RTX use in a 49-year-old patient with primary (fibrillary) glomerulonephritis. As typically observed, discontinuation of the drug and prompt initiation of glucocorticoids led to resolution of pulmonary manifestations. However, fatalities have been reported and nephrologists treating glomerulonephritis patients with RTX should be aware of the existence of this potentially lethal complication.
Background
Rituximab (RTX) is a chimeric monoclonal antibody against CD20 which was initially developed as a treatment for B-cell lymphoma. B-cell depletion therapy with RTX has also been reported in several systemic autoimmune diseases such as rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE) [1] . The full spectrum of RTX toxicity in patients not receiving chemotherapy for lymphoma is still incompletely understood. RTX-induced pulmonary disease has been reported in haematological disorders [2] . A few cases were observed in patients with underlying rheumatological conditions [2] [3] [4] [5] [6] . One case was reported in a patient with steroid-resistant nephrotic syndrome [7] .
We report a case of RTX-associated interstitial lung disease in a patient with fibrillary glomerulonephritis.
Case report
A 49-year-old man presented with nephrotic syndrome and increased serum creatinine. Past history included hypertension, hypercholesterolaemia, porphyria cutanea tarda and chronic liver disease secondary to hepatitis C virus (HCV) genotype 4. Eight years earlier HCV had been treated with peg-interferon-α plus ribavirin for 13 weeks, but therapy was discontinued due to poor response and poor tolerance. The patient refused further treatment for HCV infection.
A kidney biopsy revealed fibrillary glomerulopathy. He was initially treated with furosemide, thiazide, angiotensin-converting enzyme inhibitor, angiotensin receptor blocker, spironolactone, doxazosin and a calcium channel antagonist. The blood pressure was controlled and proteinuria decreased from 11-15 g/day to 7-9 g/day (11.000-15.000 mg/24 h to 7.000-9.000 mg/24 h). However, serum creatinine rose from 132.6 to 247.5 μmol/L (1.5 to 2.8 mg/dL). Due to progressive impairment of renal function and persistent nephrotic proteinuria, immunosuppressive treatment was started with prednisone (1 mg/ kg/day for 1 month and taper) and two 1000 mg doses of RTX separated 15 days.
Five weeks after the last RTX dose, progressive shortness of breath and dry cough developed without fever or other symptoms. He was admitted to the intensive care unit (ICU) because of low oxygen saturation (68%). Computed tomography revealed bilateral interstitial pulmonary infiltrates without pleural effusion. Bronchoscopy and bronchoalveolar lavage showed no bleeding and microbiological studies were negative.
The patient was treated with intravenous antibiotics and high-dose corticosteroids. He was discharged from the ICU after 10 days with the diagnosis of respiratory failure probably due to interstitial pneumonitis secondary to RTX. The serum creatinine level increased to 530.4 μmol/L (6 mg/dL) and renal replacement therapy with haemodialysis was initiated ( Figure 1 ).
Discussion
Non-infectious pulmonary disease is considered a complication of RTX use for malignancy. A recent systematic literature review identified 121 cases of RTX-associated lung injury reported in 65 studies [2] . Most patients had an underlying haematological disease. However, five cases were observed in patients with an underlying rheumatological condition but no haematological disease [2] [3] [4] [5] . An additional case of pneumonitis secondary to RTX was reported in an RA patient [6] . Despite the widespread use of RTX in the treatment of membranous nephropathy, fibrillary glomerulonephritis and other forms of renal injury [8, 9] , no cases of non-infectious pulmonary disease had been reported in patients treated for primary glomerulonephritis, according to the literature review in April 2013 ( Table 1 ). The only reported patient with kidney disease had lupus nephritis and developed interstitial pneumonitis while on RTX [3] . In addition, a paediatric case of fatal pulmonary disease was observed in a girl 3 days after RTX administration for steroid-resistant nephrotic syndrome. In that case, a syncytial respiratory virus was found in a broncho-alveolar lavage, although the author felt that the infection did not play a determinant role [7] .
There are no agreed upon criteria for the diagnosis of RTX-associated lung disease. However, the hypoxaemia, radiological and broncho-alveolar lavage findings, time course and response to steroids in the absence of an identifiable infectious agent in this patient are consistent with the diagnostic criteria generally used in the literature.
The pathogenesis of RTX-induced interstitial lung disease is unknown. It has been proposed to be secondary to cytotoxic T lymphocyte activation, cytokine release and complement activation, but specifically, the role of B-cell depletion in this complication is unknown. In particular, tumour necrosis factor-α (TNF-α) has been postulated as a mediator in the pathogenesis of interstitial lung disease because of its proinflammatory effects [10, 11] . However, there is no direct functional proof, such as response to anti-TNF-α therapy, to implicate this particular cytokine or any other in the pathogenesis of human RTX-associated lung disease. In fact, failure of anti-TNF-therapy for RTX-induced pulmonary disease has been reported [12] .
Furthermore, most cases in non-cancer patients have been reported to occur 20-28 weeks after the first dose, a time course that is not consistent with acute effects of the drug. However, cases have been reported as early as 4 days after RTX [13] , raising questions on whether the disease had the same pathogenesis in all cases reported. The present case was observed 7 weeks after the first RTX dose, which is earlier than in most reported cases (Table 1) . However, this time course is consistent with that observed in the only patient who had kidney injury, the lupus nephritis patient [3] . The half-life of RTX is 18 days (range 5-78 days) [14] . The long lag periods observed are not consistent with a direct toxic effect of RTX, since concentrations of the drug at the time of the adverse effect should be much lower than earlier in the course of the follow-up. In contrast, the time course of the adverse effect is consistent with a progressive decrease in immunoglobulin concentrations, which in the case of nephritis patients may be accelerated by loss of immunoglobulins in urine. Thus, we propose that the pathogenesis may be related to loss of immunoglobulins and suggest a role for uncharacterized pathogens.
Patients with RTX-associated lung disease have been empirically treated with antibiotics and steroids, as was the present patient. Early suspicion and therapy are important since the mortality rate in reported cases in non-haematological disorders was 25% (Table 1) .
Lung involvement consisting of pulmonary haemorrhage and fibrillary deposits in pulmonary alveolar-capillary interstitium has been reported in fibrillary glomerulonephritis [15] , in our case the broncho-alveolar lavage discarded the presence of pulmonary haemorrhage.
In summary, we describe the first case of non-infectious interstitial pneumonitis associated with RTX use in a patient with primary glomerulonephritis. Nephrologists treating glomerulonephritis patients with RTX should be aware of the existence of this potentially lethal complication. RTX-associated interstitial lung glomerulonephritis 511 
